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(54) FUEL CELL GAS SEPARATOR 

(57) The present invention is directed to a gas sep- 
arator for fuel cells obtained as a laminate of unit cells, 
wherein the gas separator is one constituent of each 
unit ceil, fuel ceils using such gas separators, and a 
method of manufacturing such a gas separator. The gas 
separator is obtained by press molding a metal plate. 
The process of forming predetermined rugged shapes 
in both faces of the gas separator by press molding 
causes the gas separator to be distorted. The distortion 
of the gas separator results in a variety of problems. 

A gas separator (30) of the present invention has a 
base plate unit (60) that is obtained by bonding two 
base plates (62) and (64) molded to have predeter- 
mined rugged shapes to each other, filler units (66) that 
are formed in spaces defined by the two base plates 

Fig. 1 



(62) and (64) corresponding to the predetermined rug- 
ged shapes of the base plates (62) and (64), and a coat 
layer(68) that is formed on surface of the base plate unit 
(60). In the separator (30) of this configuration, distor- 
tions occurring in the base plates (62) and (64) molded 
to have the predetermined rugged shapes are mutually 
corrected by joining the two base plates (62) and (64) 
with each other. This arrangement thus effectively pre- 
vents a distortion from occurring in the separator (30). 
An electrically conductive material is interposed 
between the pair of base plates (62) and (64) to form the 
filler units (66). This enhances the electrical conductivity 
and the thermal conductivity of the separator (30). 
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Description 

Technical Field 

[0001] The present invention relates to a gas sepa- 5 
rator for fuel cells as well as to fuel cells using such gas 
separators and a method of manufacturing the gas sep- 
arator for fuel cells. More specifically the present inven- 
tion pertains to a gas separator that is disposed 
between adjoining unit cells in a fuel cells stack includ- 
ing a plurality of unit cells laid one upon another, is com- 
bined with an adjoining member to define either a flow 
path of a gaseous fuel or a flow path of an oxidizing gas, 
and separates a flow of gaseous fuel from a flow of oxi- 
dizing gas. The present invention also pertains to fuel 
cells using such gas separators and a method of manu- 
facturing the gas separator for fuel cells. 

Background Art 

[0002] The gas separator for fuel cells is one con- 
stituent of a fuel cells stack, in which a plurality of unit 
cells are laid one upon another, and has a sufficient gas 
impermeability to prevent a supply of gaseous fuel and 
a supply of oxidizing gas respective fed to adjoining unit 
cells from being mixed with each other. The gas separa- 
tor for fuel cells is typically composed of a carbon mate- 
rial or a metal material. The metal material generally 
has excellent strength and actualizes thinner gas sepa- 
rators, compared with gas separators composed of the 
carbon material. The thickness reduction of the gas 
separators results in favorably reducing the size of the 
whole fuel cells stack. 

[0003] The gas separator for fuel cells generally has 
a preset rugged structure that combines with adjoining 
members in the fuel cells stack to define a flow path of a 
gaseous fuel and a flow path of an oxidizing gas. One 
proposed method manufactures a gas separator having 
such a rugged structure and being composed of a metal 
material by press molding a metal plate (for example, 
JAPANESE PATENT LAID-OPEN GAZETTE No. 7- 
161365). This method manufactures the gas separator 
for fuel cells by the simple press molding, thus simplify- 
ing and shortening the manufacturing process, enhanc- 
ing the productivity, and preventing an increase in 
manufacturing cost. 

[0004] When a thin metal plate is press molded to a 
gas separator having preset rugged shapes on both 
faces thereof, the action of pressing the metal plate 
causes distortion of the resulting gas separator. In an 
assembly of fuel cells obtained by laying required mem- 
bers one upon another, the distorted gas separators 
may result in varying plane pressure at respective con- 
tacts of the gas separators with adjoining members. The 
distortion of the distorted gas separators incorporated 
in the fuel cells gives the areas having the lower plane 
pressure at the contact of the gas separator with an 
adjoining member. In such areas, the contact faces of 



the gas separator with an adjoining member substan- 
tially decrease to lower the electrical conductivity and 
increase the internal resistance in the activated fuel 
cells. Namely this damages the performances of the 
fuel cells. The areas of the low plane pressure also have 
lowered thermal conductivity, which causes a variation 
in internal temperature of the fuel cells and further dete- 
riorates the performances of the fuel cells. In the 
assembly of fuel cells including the distorted gas sepa- 
rators, the sufficient gas sealing property may not be 
ensured in the circumferential areas of the gas separa- 
tors. 

[0005] The object of the present invention is thus to 
solve the above problems and to prevent distortion from 
occurring in a gas separator for fuel cells, in fuel cells 
using such gas separators, and in a method of manufac- 
turing the gas separator for fuel cells. 

Disclosure of the Invention 

[0006] At least part of the above and the other 
related objects is attained by a first gas separator for 
fuel cells, which are constructed as a laminate of plural 
members including an electrolyte layer and electrode 
layers. The gas separator is included in the fuel cells as 
one of the plural members and has predetermined rug- 
ged shapes that are formed in both faces to define a 
flow path of a fluid passing through inside the fuel cells. 
Two thin plates with the predetermined rugged shapes 
formed in respective one faces thereof are bonded to 
each other across the respective other faces thereof to 
form this first gas separator. 

[0007] The first gas separator of the present inven- 
tion is obtained by bonding two thin plates having prede- 
termined rugged shapes to each other. The two thin 
plates mutually compensate for the potential distortions 
occurring due to formation of the rugged shapes, thus 
reducing the distortion of the resulting gas separator. 
Compared with the prior art arrangement of forming the 
rugged shapes on both faces of one plate, the arrange- 
ment of joining the two thin plates togetherto separately 
form the rugged shapes on the respective faces of the 
resulting gas separator has a large degree of freedom in 
design of the rugged shapes on the surface of the gas 
separator. Compared with the prior art arrangement, the 
arrangement of the present invention also reduces the 
total thickness of the* gas separator. In the prior art 
arrangement, one plate having a sufficient thickness is 
required to form the rugged shapes on both faces of the 
resulting separator. Such a thick plate is not required for 
the gas separator of the present invention. Using the 
gas separators having little distortion enables the sub- 
stantially uniform plane pressure to be applied in each 
unit cell included in the assembly of fuel cells. This 
arrangement effectively prevents the internal resistance 
from increasing due to the partial decrease in plane 
pressure and ensures the sufficient performances of the 
fuel cells. 
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[0008] In this gas separator, it is desirable that a 
space defined by the two thin plates, if existing, is filled 
with an electrically conductive material. 
[0009] . This arrangement enhances the strength of 
the gas separator and reduces the required thickness of 5 
the resulting gas separator. This arrangement also 
enhances the total electrical conductivity of the gas sep- 
arator and improves the performances of the resulting 
fuel cells including such separators. This arrangement 
further enhances the total thermal conductivity of the w 
gas separator. The enhanced thermal conductivity 
allows the internal temperature to quickly rise at the 
start of the assembly of fuel cells including such separa- 
tors, so as to shorten the stand-by time of the fuel cells. 
The enhanced thermal conductivity also improves the is 
cooling efficiency of cooling water circulating inside the 
fuel cells, thus keeping the internal temperature of the 
fuel cells at a substantially constant level. 
[0010] In the first gas separator for fuel cells 
according to the present invention, each of the thin 20 
plates may be a metal thin plate. This arrangement 
more significantly exerts the effect of reducing the 
potential distortion of the resulting gas separator. The 
metal material has greater strength than other materials 
like carbon material and thus advantageously reduces 25 
the required thickness of the resulting gas separator. 
The metal material is significantly distorted in the proc- 
ess of press molding. Application of the arrangement of 
the first gas separator for fuel cells in the present inven- 
tion to the metal thin plates especially ensures the large 30 
effect of preventing the potential distortion. 
[0011] In the gas separator for fuel cells of the 
present invention, the fluid passing through the flow 
path defined by the predetermined rugged shapes in 
the fuel cells is selected among a hydrogen-containing 35 
gaseous fuel, an oxygen -containing oxidizing gas, and a 
cooling fluid for cooling down the inside of the fuel cells. 
[0012] The present invention is also directed to a 
first fuel cells stack that receives supplies of a hydro- 
gen-containing gaseous fuel and an oxygen-containing 40 
oxidizing gas and generates an electromotive force 
through electrochemical reactions. The fuel cells stack 
includes gas separators for fuel cells in accordance with 
any one of claims 1 through 4. 

[001 3] The first fuel cells stack of the present inven- 
tion includes the gas separators having little distortion. 
This arrangement causes a substantially uniform plane 
pressure to be applied in each unit cell of the fuel cells 
stack, so as to effectively prevent the internal resistance 
from increasing due to the partial decrease in plane 
pressure and ensure the sufficient performances of the 
fuel cells. 

[001 4] The present invention is further directed to a 
first method of manufacturing a gas separator for fuel 
cells, wherein the fuel cells are constructed as a lami- 
nate of plural members including an electrolyte layer 
and electrode layers, and the gas separator is included 
in the fuel cells as one of the plural members and has 



predetermined rugged shapes that are formed in both 
faces to define a flow path of a fluid passing through 
inside the fuel cells. The first method includes the steps 
of: (a) providing two thin plates that have the predeter- 
mined rugged shapes formed in respective one faces 
thereof, and (b) bonding the two thin plates to each 
other across the respective other faces thereof to form 
the gas separator. 

[0015] The first method of the present invention 
gives the gas separator obtained by bonding two thin 
plates having predetermined rugged shapes to each 
other. The two thin plates mutually compensate for the 
potential distortions occurring due to formation of the 
rugged shapes, thus reducing the distortion of the 
resulting gas separator. Compared with the prior art 
arrangement of forming the rugged shapes on both 
faces of one plate, the arrangement of joining the two 
thin plates together to separately form the rugged 
shapes on the respective faces of the resulting gas sep- 
arator has a large degree of freedom in design of the 
rugged shapes on the surface of the gas separator. 
Compared with the prior art arrangement, the arrange- 
ment of the present invention also reduces the total 
thickness of the gas separator. In the prior art arrange- 
ment, one plate having a sufficient thickness is required 
to form the rugged shapes on both faces of the resulting 
separator. Such a thick plate is not required for the gas 
separator of the present invention. 
[0016] In accordance with one preferable applica- 
tion of the first method of the present invention, an elec- 
trically conductive material is interposed between the 
two thin plates to fill a space defined by the two thin 
plates, if existing, in the process of bonding the two thin 
plates to each other in the step (b). This arrangement 
gives the gas separator having the greater strength and 
the less thickness. This arrangement also enhances the 
electrical conductivity and the thermal conductivity of 
the resulting gas separator. 

[0017] The present invention is also directed to a 
second method of manufacturing a gas separator for 
fuel cells, wherein the fuel cells are constructed as a 
laminate of plural members including an electrolyte 
layer and electrode layers, and the gas separator is 
included in the fuel cells as one of the plural members 
45 and has predetermined rugged shapes that are formed 
in both faces to define a flow path of a fluid passing 
through inside the fuel cells. The second method 
includes the steps of: (a) providing two thin plates; (b) 
laying the two thin plates one upon the other via an elec- 
50 trically conductive material interposed between the two 
thin plates; and (c) press molding and joining together 
the two thin plates, which are laid one upon the other via 
the electrically conductive material, so that the predeter- 
mined rugged shapes are formed in surfaces of the two 
55 thin plates joined together. 

[0018] The second method of the present invention 
bonds two thin plates to each other simultaneously with 
press molding the thin plates. The predetermined rug- 
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ged shapes are formed in the respective surfaces of the 
two thin plates by press molding. The two thin plates 
mutually compensate for the potential distortions occur- 
ring due to formation of the rugged shapes, thus reduc- 
ing the distortion of the resulting gas separator. Like the 
first method of the present invention, this arrangement 
ensures a large degree of freedom in design of the rug- 
ged shapes on the surface of the gas separator and 
reduces the required thickness of the resulting gas sep- 
arator. 

[0019] In either of the first method or the second 
method of the present invention, each of the thin plates 
may be a metal thin plate. This arrangement further 
enhances the effect of preventing the distortion of the 
gas separator. Press molding the metal plate often 
causes a significant distortion. Application of the 
method of the present invention for the metal plate 
attains the remarkable effect of reducing the potential 
distortion. 

[0020] The present invention is further directed to a 
second gas separator for fuel cells, which are con- 
structed as a laminate of plural members including an 
electrolyte layer and electrode layers. The gas separa- 
tor is included in the fuel cells as one of the plural mem- 
bers and has a predetermined rugged shape that is 
formed in surface thereof to define a flow path of a fluid 
passing through inside the fuel cells. The second gas 
separator includes: a separator base plate unit that is 
composed of a thin plate and has a plurality of apertures 
passing through a thickness of the separator base plate 
unit; and insert members that are mainly composed of 
an electrically conductive material and are respectively 
inserted into the plurality of apertures to form a convex 
structure on at least one face of the separator base 
plate unit. 

[0021] In the second gas separator for fuel cells of 
the present invention, the predetermined rugged shape 
is formed on the surface of the gas separator by using 
the insert members, which are separate from the sepa- 
rator base plate unit. This arrangement effectively pre- 
vents the potential distortion of the gas separator due to 
formation of the rugged shape. Namely no bending or 
stretching force, which causes distortion, is applied to 
the separator base plate unit included in the gas sepa- 
rator. 

[0022] In the gas separator for fuel cells having the 
predetermined rugged shapes on both faces thereof, 
the insert members fitted in the respective apertures are 
protruded from both faces of the separator base plate 
unit to form the convex structure for defining the prede- 
termined rugged shapes at identical positions on both 
the faces of the gas separator. In the gas separator for 
fuel cells having one face with the predetermined rug- 
ged shape formed thereon and the other planar face, 
the insert members fitted in the respective apertures are 
protruded from only one face but not from the other 
face. The insert members are composed of the electri- 
cally conductive material. In the case where the insert 



members ensure the sufficient electrical conductivity 
required for the gas separator, the separator base plate 
unit is not required to have electrical conductivity. This 
extends the range of selection of the material applicable 

5 for the separator base plate unit. 

[0023] The present invention is also directed to a 
second fuel cells stack that receives supplies of a hydro- 
gen-containing gaseous fuel and an oxygen -containing 
oxidizing gas and generates an electromotive force 

10 through electrochemical reactions. The fuel cells stack 
includes gas separators for fuel cells in accordance with 
claim 10. 

[0024] The second fuel cells stack of the present 
invention includes the gas separators having little distor- 

15 tion. This arrangement causes a substantially uniform 
plane pressure to be applied in each unit cell of the fuel 
cells stack, so as to effectively prevent the internal 
resistance from increasing due to the partial decrease 
in plane pressure and ensure the sufficient perform- 

20 ances of the fuel cells. 

[0025] The present invention is further directed to a 
third method of manufacturing a gas separator for fuel 
cells, wherein the fuel cells are constructed as a lami- 
nate of plural members including an electrolyte layer 

25 and electrode layers, and the gas separator is included 
in the fuel cells as one of the plural members and has a 
predetermined rugged shape that is formed in surface 
thereof to define a flow path of a fluid passing through 
inside the fuel cells. The third method includes the steps 

30 of: (a) providing a separator base plate unit composed 
of a thin plate; (b) perforating the separator base plate 
unit at predetermined positions to form a plurality of 
apertures passing through a thickness of the separator 
base plate unit; and (c) inserting insert members, which 

35 are mainly composed of an electrically conductive 
material, respectively into the plurality of apertures, so 
as to form the predetermined rugged shape in surface 
of the separator base plate unit. 

[0026] The third method of the present invention 
40 uses the insert members that are separate from the 
separator base plate unit, so as to form the predeter- 
mined rugged shape on the surface of the gas separator 
for fuel cells. This arrangement effectively prevents the 
potential distortion of the resulting gas separator due to 
45 formation of the rugged shape. Namely no bending or 
stretching force, which causes distortion, is applied to 
the separator base plate unit included in the gas sepa- 
rator. 

[0027] In the third method of the present invention, 
so for example, the separator base plate unit is perforated 
in the step (b), and the insert members are press fitted 
in the plurality of apertures and cut at a preset position 
to form the predetermined rugged shape in the step (c). 
This method manufactures the gas separator for fuel 
55 cells by the simple processes like perforation, press-fit- 
ting, and cutting. Compared with the prior art method 
that press molds a metal plate or carbon material to a 
gas separator, this arrangement simplifies and shortens 
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the manufacturing process. Compared with the conven- 
tional manufacturing method that bends and stretches 
the plate member, this arrangement utilizing the proc- 
esses like perforation, press -fitting, and cutting ensures 
the enhanced accuracy in formation of the rugged 5 
shape. 

[0028] In accordance with one preferable applica- 
tion of the third method of the present invention, each of 
the plurality of apertures and the insert members 
inserted therein have substantially circular cross sec- 10 
tions. 

[0029] This arrangement facilitates positioning of 
the insert members respectively inserted into the plural- 
ity of apertures. It is easy to prepare bar members hav- 
ing the substantially circular cross section. This extends 15 
the range of selection with regard to the size of the bar 
members used as the insert members (that is, the diam- 
eter of the bar members), thus enabling the fineness of 
the rugged shape to be adjusted arbitrarily. The mem- 
bers of the smaller diameter result in formation of the 20 
finer rugged shape. The third method of this application 
thus enables the finer rugged shape to be readily 
formed on the surface of the gas separator with a high 
accuracy. 

25 

Brief Description of the Drawings 
[0030] 

Fig. 1 schematically illustrates the cross section of 30 
a separator 30; 

Fig. 2 is a sectional view schematically illustrating 
the structure of a unit cell 28 as a unit constituent of 
a fuel cells stack; 

Fig. 3 is a decomposed perspective view illustrating 35 
the structure of the unit cell 28; 
Fig. 4 is a perspective view showing the appear- 
ance of a stack structure 14 obtained by laying a 
plurality of the unit cells 28 one upon another; 
Fig. 5 shows a manufacturing process of the sepa- 40 
rator 30; 

Fig. 6 shows the comparison of the performances 
between an assembly of fuel cells using the separa- 
tors 30 and another assembly of fuel cells using 
separators without any filler units; 45 
Fig. 7 is a sectional view schematically illustrating a 
separator 130 in a second embodiment; 
Fig. 8 is a plan view illustrating the surface of the 
separator 130; 

Fig. 9 shows a manufacturing process of the sepa- so 
rator 1 30; 

Fig. 1 0 shows part of the cross section in the vicin- 
ity of a circumferential area of the separator 130; 
and 

Fig. 11 shows a second manufacturing process of 55 
the separator 30. 



Best Modes of Carrying Out the Invention 

[0031] In order to make the configurations and the 
functions of the present invention discussed above 
more apparent, some modes of the present invention 
are described below as preferred embodiments. Fig. 1 
schematically illustrates the cross section of a separator 
30 in one preferred embodiment of the present inven- 
tion. The separator 30 in the first embodiment of the 
present invention is composed of stainless steel, and 
includes two base plates 62 and 64 that constitute a 
base plate unit 60 and respectively have preset rugged 
faces, filler units 66 that are interposed between the two 
base plates 62 and 64 joined with each other and are 
respectively formed in spaces defined by the two base 
plates 62 and 64, and a coat layer 68 formed on the sur- 
face of the base plate unit 60. Prior to the detailed 
description of the separator 30, as a matter of conven- 
ience, the description first regards fuel cells using such 
separators 30. 

[0032] The fuel cells using the separators 30 in the 
first embodiment of the present invention have a stack 
structure, in which a plurality of unit cells are laid one 
upon another. Fig. 2 is a sectional view schematically 
illustrating the structure of a unit cell 28 as a unit constit- 
uent of the fuel cells. Fig. 3 is a decomposed perspec- 
tive view illustrating the structure of the unit cell 28. Fig. 
4 is a perspective view showing the appearance of a 
stack structure 14 obtained by laying a plurality of the 
unit cells 28 one upon another. 

[0033] The fuel cells of the present invention are 
polymer electrolyte fuel cells, each of which includes a 
solid polymer membrane showing the favorable electri- 
cal conductivity in the wet state as an electrolyte layer. 
Each of the fuel cells receives a supply of hydrogen- 
containing gaseous fuel at its anode and a supply of 
oxygen -containing oxidizing gas at its cathode, so that 
electrochemical reactions expressed below proceed in 
the fuel cells: 

H 2 ->2H + + 2e- (1) 

(1/2)0 2 + 2H + 4* 2e H 2 0 (2) 

H 2 + (1/2)0 2 ^H 2 0 (3) 

[0034] Equation (1) represents a reaction proceed- 
ing at the anodes, and Equation (2) represents a reac- 
tion proceeding at the cathodes. The reaction 
expressed by Equation (3) accordingly proceeds in the 
fuel cells as a whole. As is known in the art, the fuel cells 
directly convert chemical energy of a fuel supplied 
thereto into electrical energy and have an extremely 
high energy efficiency. Each unit cell 28, which is a unit 
constituent of the fuel cells, includes an electrolyte 
membrane 21 , an anode 22, a cathode 23, and a pair of 
separators 30a and 30b as shown in Fig. 2. 
[0035] The anode 22 and the cathode 23 are gas 
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diffusion electrodes that are disposed across the elec- 
trolyte membrane 21 to form a sandwich structure. The 
pair of separators 30a and 30b are further disposed 
across this sandwich structure and are respectively 
combined with the anode 22 and the cathode 23 to 5 
define flow paths of a gaseous fuel and an oxidizing 
gas. Gaseous fuel flow conduits 24P are defined by the 
anode 22 and the separator 30a, whereas oxidizing gas 
flow conduits 25P are defined by the cathode 23 and the 
separator 30b. A preset number of the unit cells 28 are w 
laid one upon another to form a stack structure 1 4 as an 
assembly of the fuel cells. 

[0036] Although ribs for defining the gas flow paths 
are illustrated in only a single face of each of the sepa- 
rators 30a and 30b in Fig. 2, ribs 54 and 55 are formed 15 
in both faces of each of the separators 30a and 30b in 
the actual fuel cells as shown in Fig. 3. The ribs 54 
formed in one face of each of the separators 30a and 
30b are combined with the adjoining anode 22 to define 
the gaseous fuel flow conduits 24P. The ribs 55 formed 20 
in the other face of each of the separators 30a and 30b 
are combined with the cathode 23 of the adjoining unit 
cell 28 to define the oxidizing gas flow conduits 25R The 
separators 30a and 30b are respectively combined with 
the adjoining gas diffusion electrodes to define the gas 25 
flow paths, and also function to separate the flow of gas- 
eous fuel from the flow of oxidizing gas between each 
pair of adjoining unit cells. In the actual assembly of fuel 
cells, there is no difference either in shape or in function 
between the separators 30a and 30b. The separators 30 
30a and 30b are hereinafter generically referred to as 
the separator 30. 

[0037] The ribs 54 and 55 formed on the faces of 
each separator may have any shapes that define the 
gas flow paths and enable a supply of gaseous fuel and 35 
a supply of oxidizing gas to be fed to the corresponding 
gas diffusion electrodes. In the example of Figs. 2 and 
3, the ribs 54 and 55 formed on the faces of each sepa- 
rator are respectively constructed as a plurality of paral- 
lel grooves. In the drawing of Fig. 2 that schematically 40 
illustrates the structure of the unit cell 28, the gaseous 
fuel flow conduits 24P and the oxidizing gas flow con- 
duits 25P are shown as parallel. In the drawing of Fig. 3, 
on the other hand, the ribs 54 and 55 formed on the 
faces of each separator 30 are shown as perpendicular 45 
to each other. The ribs 54 and 55 may have a different 
structure from these configurations. Each of the separa- 
tors 30 is manufactured by joining the pair of press- 
molded base plates 62 and 64 with each other as dis- 
cussed later, so that the ribs 54 and 55 may have any so 
shape formable by press molding. 
[0038] The electrolyte membrane 21 is a proton- 
conductive ion exchange membrane composed of a pol- 
ymer electrolyte material, for example, a fluororesin, 
and shows favorable electrical conductivity in the wet 55 
state. In this embodiment, a Nation (manufactured by du 
Pont) film is applied for the electrolyte membrane 21. 
Platinum or a platinum alloy consisting of platinum and 



another metal is applied as a catalyst on the surface of 
the electrolyte membrane 21 . 

[0039] The anode 22 and the cathode 23 are made 
of carbon cloth that is woven of carbon fiber yarns. The 
anode 22 and the cathode 23 may be made of carbon 
paper or carbon felt that also consists of carbon fibers, 
instead of the carbon cloth of this embodiment. 
[0040] As mentioned previously, the separator 30 
has the filler units 66 that are formed inside the metal 
base plate unit 60 and the coat layer 68 that covers over 
the base plate unit 60. The separator 30 has four slot 
apertures formed on the circumference thereof; that is, 
gaseous fuel slot apertures 50 and 51 that connect the 
ribs 54 with one another to define the gaseous fuel flow 
conduits 34P, and oxidizing gas slot apertures 52 and 
53 that connect the ribs 55 with one another to define 
the oxidizing gas flow conduits 35P. In the assembly of 
fuel cells, the gaseous fuel slot apertures 50 and 51 of 
the separators 30 respectively form a gaseous fuel sup- 
ply manifold and a gaseous fuel exhaust manifold, 
which pass through the fuel cells stack in its laminating 
direction. In a similar manner, the oxidizing gas slot 
apertures 52 and 53 of the separators 30 respectively 
form an oxidizing gas supply manifold and an oxidizing 
gas exhaust manifold, which pass through the fuel cells 
stack in its laminating direction. 

[0041] In the process of assembling the fuel cells 
having the constituents discussed above, the separator 
30, the anode 22, the electrolyte membrane 21, the 
cathode 23, and the separator 30 are successively laid 
one upon another in this sequence to form a unit cell 
laminate. Collector plates 36 and 37, insulator plates 38 
and 39, and end plates 40 and 41 are further disposed 
across the unit cell laminate. This completes the stack 
structure 1 4 shown in Fig. 4. The collector plates 36 and 
37 respectively have output terminals 36A and 37A to 
output an electromotive force generated in the fuel cells 
stack. 

[0042] The end plate 40 has two apertures as 
shown in Fig. 4; that is a gaseous fuel aperture 42 and 
an oxidizing gas aperture 44. The insulator plate 38, 
which is adjacent to the end plate 40, and the adjoining 
collector plate 36 also have two apertures at the posi- 
tions corresponding to the two apertures of the end 
plate 40. The gaseous fuel aperture 42 is open at the 
position corresponding to the center of the gaseous fuel 
slot apertures 50 of the separators 30. When the fuel 
cells stack is activated, the gaseous fuel aperture 42 is 
connected to a non-illustrated fuel supply unit to lead a 
supply of a hydrogen-rich gaseous fuel into the fuel 
cells. In a similar manner, the oxidizing gas aperture 44 
is open at the position corresponding to the center of the 
oxidizing gas slot apertures 52 of the separators 30. 
When the fuel cells stack is activated, the oxidizing gas 
aperture 44 is connected to a non-illustrated oxidizing 
gas supply unit to lead a supply of an oxygen -containing 
oxidizing gas into the fuel cells. 

[0043] The gaseous fuel supply unit and the oxidiz- 
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ing gas supply unit moist and pressurize the respective 
gases to predetermined levels, prior to the supplies of 
the respective gases. The gaseous fuel supply unit con- 
nected to the fuel cells of the embodiment feeds a 
hydrogen-rich gas, for example, a gas produced by 5 
reforming a hydrocarbon Like methanol, as the gaseous 
fuel. Gaseous hydrogen having a high purity may be 
used for the gaseous fuel. The oxidizing gas supply unit 
feeds a gas containing a sufficient concentration of oxy- 
gen, for example, the air. 10 
[0044] The end plate 41 has two apertures at spe- 
cific positions different from the apertures of the end 
plate 40. The insulator plate 39 and the collector plate 
37 also have two apertures at the positions correspond- 
ing to the two apertures of the end plate 41. One aper- 75 
ture formed in the end plate 41 is a gaseous fuel 
aperture that is open at the position corresponding to 
the center of the gaseous fuel slot apertures 51 of the 
separators 30. The other apertures formed in the end 
plate 41 is an oxidizing gas aperture that is open at the 20 
position corresponding to the center of the oxidizing gas 
slot apertures 53 of the separators 30. When the fuel 
cells stack is activated, the gaseous fuel aperture 
formed in the end plate 41 is connected with a non-illus- 
trated gaseous fuel exhaust unit whereas the oxidizing 25 
gas aperture formed in the end plate 41 is connected 
with a non-illustrated oxidizing gas exhaust unit. 
[0045] The stack structure 1 4 including the respec- 
tive constituents discussed above is held under a prede- 
termined pressing force in its laminating direction. This 30 
completes the stack of fuel cells. The configuration of 
pressing the stack structure 1 4 is omitted from the illus- 
tration. 

[0046] The following describes the flow of the gase- 
ous fuel and the flow of the oxidizing gas in the fuel cells 35 
stack constructed as above. The supply of the gaseous 
fuel is introduced from the gaseous fuel supply unit dis- 
cussed above into the fuel cells via the gaseoUs fuel 
aperture 42 formed in the end plate 40. In the fuel cells, 
the flow of the gaseous fuel is led into the gaseous fuel 40 
flow conduits 24P of the respective unit cells 28 via the 
gaseous fuel supply manifold and subjected to the elec- 
trochemical reaction proceeding at the anodes of the 
respective unit cells 28. The flow of the gaseous fuel out 
of the gaseous fuel flow conduits 24P is collected in the 45 
gaseous fuel exhaust manifold, reaches the gaseous 
fuel aperture formed in the end plate 41, and is dis- 
charged from this gaseous fuel aperture to the outside 
of the fuel cells to be led into the gaseous fuel exhaust 
unit discussed above. 50 
[0047] In a similar manner, the supply of the oxidiz- 
ing gas is introduced from the oxidizing gas supply unit 
discussed above into the fuel cells via the oxidizing gas 
aperture 44 formed in the end plate 40. In the fuel cells, 
the flow of the oxidizing gas is led into the oxidizing gas 55 
flow conduits 25 P of the respective unit cells 28 via the 
oxidizing gas supply manifold and subjected to the elec- 
trochemical reaction proceeding at the cathodes of the 



respective unit cells 28. The flow of the oxidizing gas out 
of the oxidizing gas flow conduits 25P is collected in the 
oxidizing gas exhaust manifold, reaches the oxidizing 
gas aperture formed in the end plate 41, and is dis- 
charged from this oxidizing gas aperture to the oxidizing 
gas exhaust unit discussed above. 
[0048] The above description regards only the flow 
paths and the flows of the gaseous fuel and the oxidiz- 
ing gas fed into the fuel cells. The actual fuel cells fur- 
ther include a cooling water flow path, through which 
cooling water flows. As described previously the chem- 
ical energy of the fuel fed into the fuel cells is converted 
into electrical energy through the electrochemical reac- 
tions proceeding in the fuel cells. The conversion of the 
chemical energy into the electrical energy is not com- 
pletely shifted, but the residual energy that is not con- 
verted into the electrical energy is released as heat. The 
fuel cells accordingly continue the heat generation 
together with the power generation. In order to keep the 
driving temperature of the fuel cells in a favorable tem- 
perature range, a cooling water flow path is generally 
. formed in the fuel cells to allow the flow of cooling water 
in the fuel cells and remove the excess heat. 
[0049] The separator 30 of the embodiment has two 
apertures (not shown) for defining the cooling water flow 
path, in addition to the gaseous fuel slot apertures 50 
and 51 and the oxidizing gas slot apertures 52 and 53 
shown in Fig. 3. The two apertures of the respective 
separators 30, which are laid one upon another to con- 
struct the stack structure 14, form a cooling water flow 
path that passes through the stack structure 14 to feed 
and discharge cooling water into and from intra-stack 
cooling water flow conduits. The fuel cells of the stack 
structure 1 4 also include cooling water flow conduit sep- 
arators (not shown), each of which is arranged at every 
preset number of unit cells laid one upon another 
instead of the standard separator 30 and has a rugged 
structure on its surface to define cooling water flow con- 
duits. The rugged structure formed on the surface of the 
cooling water flow conduit separator is combined with 
an adjoining member to define the intra-stack cooling 
water flow conduits. The intra-stack gas flow conduits 
arranged at every preset number of unit cells receives a 
supply of cooling water and discharges an exhaust of 
cooling water from and to the cooling water flow path 
consisting of the apertures as discussed above. The 
flow of cooling water functions to remove the excess 
heat produced in the course of power generation from 
the fuel cells. 

[0050] The following describes the structure of the 
separator 30, which characterizes the essential part of 
the present invention. The separator 30 has the base 
plate unit 60 including the two base plates 62 and 64, 
the filler units 66, and the coat layer 68 as mentioned 
previously Fig. 5 shows a manufacturing process of the 
separator 30. Fig. 5 includes a flowchart showing the 
manufacturing process of the separator 30 and sche- 
matic views representing the respective steps of the 
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flowchart. The following describes the manufacturing 
process of the separator 30 in detail with the drawing of 
Fig. 5. 

[0051] The process first prepares the base plates 
62 and 64 by press molding two metal plates (step 5 
S100). In this embodiment, stainless steel plates having 
a thickness of 0,3 mm are press molded under a plane 
pressure of 1 ton/cm 2 . This forms convexes correspond- 
ing to the ribs 54 and 55 on the respective one faces of 
the base plates 62 and 64. The process subsequently w 
interposes a filler between the pair of base plates 62 
and 64, and presses the base plates 62 and 64 to make 
the base plates 62 and 64 adhere to each other (step 
S110). Namely the base plates 62 and 64 are joined 
with each other via the filler (in this embodiment, ther- is 
mally expanding graphite) interposed between the base 
plates 62 and 64. This gives the base plate unit 60 
including the filler units 66 formed in the spaces, which 
are defined by the convexes and located on the respec- 
tive joining face sides of the base plates 62 and 64 (that 20 
is, the inner facing sides of the convexes corresponding 
to the ribs 54 and 55). Step S110 uses the thermally 
expanding graphite for the filler and presses the base 
plates 62 and 64 to make the base plates 62 and 64 
joined with each other. A concrete procedure places a 25 
predetermined quantity of the thermally expanding 
graphite on the joining face sides of the base plates 62 
and 64 and presses the pair of base plates 62 and 64 
with the thermally expanding graphite interposed there- 
between under a plane pressure of 2 ton/cm 2 in a mold 30 
having a shape corresponding to the convex structure. 
This joins the pair of base plates 62 and 64 with each 
other and completes the base plate unit 60, which 
includes the filler units 66 that are formed in the inner 
spaces corresponding to the convexes and are filled 35 
with the thermally expanding graphite. 
[0052] The thermally expanding graphite is one of 
known carbon materials and obtained by heating an 
acid-treated carbon material, such as natural graphite 
or carbon black, to expand the volume. Thermal expan- 40 
sion causes the thermally expanding graphite to have a 
layered structure, and application of a compressive 
force enables the respective layers of the layered struc- 
ture to be tightly bound to one another. Any binder is 
accordingly not required in the molding process. The 45 
procedure of locating the thermally expanding graphite 
between the pair of base plates 62 and 64 and pressing 
the base plates 62 and 64 in the mold completes the 
action of filling the spaces formed inside the base plate 
unit 60 with the thermally expanding graphite simultane- so 
ously with the action of joining the base plates 62 and 
64 with each other. The thermally expanding graphite 
located between the pair of base plates 62 and 64 and 
subjected to the pressing process at step S1 1 0 may be 
in a powdery form or alternatively in a sheet form. ss 
[0053] The process then carries out surface treat- 
ment for the base plate unit 60 having the inner spaces 
filled with the thermally expanding graphite (step S120), 



so as to complete the separator 30. The surface treat- 
ment carried out in this embodiment coats the surface of 
the base plate unit 60 with a carbon layer to form the 
coat layer 68. The coat layer 68 is formed by contact 
bonding a carbon sheet composed of the thermally 
expanding graphite to the face of the base plate unit 60 
in a mold having a shape corresponding to configuration 
of the base plate unit 60. Alternatively powder of the 
thermally expanding graphite may be contact bonded 
directly to the face of the base plate unit 60 in a mold of 
a predetermined shape. In the process of contact bond- 
ing the thermally expanding graphite layer to the base 
plate unit 60, it is desirable to evacuate the inside of the 
mold used for contact bonding, in order to ensure the 
sufficient bonding strength. The contact bonding in the 
moid may be attained by mechanically pressing or by 
utilizing a hydrostatic pressure. 

[0054] In the course of manufacturing the separator 
30, the slot apertures are punched in the metal plate 
before or after the press molding at step S1 00, although 
not specifically mentioned in the above description. The 
gaseous fuel slot apertures 50 and 51 and the oxidizing 
gas slot apertures 52 and 53 are formed in the metal 
plate by punching. 

[0055] The method of manufacturing the separator 
30 having the above configuration in this embodiment 
30 has the effect of giving a separator with little distor- 
tion. The base plates 62 and 64 manufactured by press 
molding have certain distortions according to their rug- 
ged shapes. Bonding the two base plates 62 and 64 to 
each other mutually corrects the distortions of the 
respective base plates 62 and 64, thus resulting in the 
base plate unit 60 with little distortion. When the sepa- 
rators with little distortion are used for the assembly of 
fuel cells, the plane pressure occurring in the respective 
unit cells of the fuel cells stack is made substantially 
constant. This arrangement effectively prevents the 
internal resistance from increasing due to the partial 
decrease in plane pressure, and thereby ensures the 
sufficient performances of the fuel cells stack. 
[0056] The method of manufacturing the separator 
30 in this embodiment has the additional effects com- 
mon in the methods of manufacturing a metal separator 
by press molding, other than the effect of preventing dis- 
tortion of the separator as discussed above. The 
method of press molding a metal plate is a convenient 
method that shortens the process of manufacturing the 
separator. Namely the method of this embodiment ena- 
bles the separators 30 to be manufactured inexpen- 
sively by the simplified process. The metal material has 
excellent strength and thus gives the separators of the 
reduced thickness, compared with the separators of the 
carbon material. This desirably reduces the size of the 
whole fuel cells stack. 

[0057] The technique of this embodiment manufac- 
tures the separator 30 by joining the two base plates 62 
and 64 with each other. This arrangement significantly 
enhances the degree of freedom in the separator hav- 
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ing the rugged surfaces. In the case where one metal 
plate is press molded to the separator, it is difficult to 
form the con vexes in the same areas on both the faces 
of the separator. There is accordingly some restrictions 
in designing the rugged shapes formed on both the 5 
faces of the separator. Using the thick metal plate may 
ensure the sufficient degree of freedom in forming the 
con vexes on each face of the separator. The thick sepa- 
rators, however, make the whole fuel cells stack unde- 
sirably bulky and are thus not practical. The method of w 
this embodiment manufactures the separator 30 by 
bonding the two base piaies 62 and 64 to each other, 
thus enabling the rugged shapes on both the faces of 
the separator 30 to be freely designed without any 
restrictions and without any increase in thickness of the 75 
separator 30. 

[0058] In the structure of the embodiment, the 
spaces defined by the two base plates 62 and 64 are 
filled with the filler. This arrangement enhances the 
buckling strength in the areas forming the ribs 54 and 55 20 
and reduces the potential creeps arising in the stack 
structure 14. Since the filler enhances the buckling 
strength in the areas forming the ribs 54 and 55, there is 
no necessity of increasing the thickness of the separa- 
tor to ensure the sufficient strength. The arrangement of 25 
filling the spaces defined by the two base plates 62 and 
64 with the filler enhances the electrical conductivity 
and the thermal conductivity of the separator 30, thus 
improving the performance of the fuel cells including the 
separators 30. Using the thermally expanding graphite 30 
having the excellent electrical conductivity for the filler 
heightens the electrical conductivity of the whole sepa- 
rator and thereby reduces the internal resistance in the 
fuel cells using such separators. Compared with the 
structure of not filling the spaces, the structure of filling 35 
the spaces with the filler gives the separator having the 
better thermal conductivity. The fuel cells including such 
separators have the enhanced cooling efficiency by the 
flow of cooling water that runs through the inside of the 
fuel cells. The enhanced cooling efficiency enables the 40 
internal temperature of the fuel cells to be kept substan- 
tially constant in a desired temperature range. The 
improved thermal conductivity of the separator enables 
the internal temperature of the whole fuel cells stack to 
be raised quickly at the time, of starting the fuel cells, 45 
thus shortening the stand-by time of the fuel cells. 
[0059] Fig. 6 shows the comparison of the perform- 
ances between an assembly of fuel cells using the sep- 
arators 30 of the embodiment and another assembly of 
fuel cells using separators that are similar to the separa- so 
tors 30 without any filler in the inner spaces. Each 
assembly of fuel cells is a laminate of 1 00 unit cells. As 
shown in the graph of Fig. 6, the assembly of fuel cells 
using the separators 30 keeps the sufficient level of out- 
put voltage with an increase in output electric current 55 
density, that is, with an increase in magnitude of the 
connecting load. The assembly of fuel cells using the 
separators without any filler in the inner spaces, on the 
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other hand, has the reduced output voltage with the 
increase in magnitude of the connecting load. The sep- 
arator 30 including the filler units 66 has the smaller 
internal resistance, so as to reduce the resistance polar- 
ization and maintain the sufficient level of output volt- 
age. 

[0060] In the embodiment discussed above, the 
filler units 66 filled with the filler are disposed between 
the two base plates 62 and 64 joined together to 
improve the electrical conductivity and the thermal con- 
ductivity of the separator 30. The spaces defined by the 
pair of base plates 62 and 64 may, however, be not filled 
with any filler as long as the resulting separator has the 
electrical conductivity and the thermal conductivity in 
respective allowable ranges. Even in this case, the 
arrangement of bonding the two base plates 62 and 64 
to each other effectively prevents the resulting separator 
from being distorted. The absence of the filler units 66 
desirably reduces the total weight of the separator. In 
the case where the filler units 66 are omitted, the two 
base plates 62 and 64 may be bonded to each other, for 
example, by spot welding or welding that utilizes vibra- 
tions or ultrasonic waves. 

[0061] In the separator 30 of the embodiment, two 
metal plates are press molded to the base plates 62 and 
64, and the filler for forming the filler units 66 is inter- 
posed between the pair of base plates 62 and 64 in the 
process of joining these base plates 62 and 64 with 
each other. One possible modification interposes the 
filler between two metal plates before the metal plates 
are press molded to the base plates. This modification 
is shown in Fig. 1 1 as a second manufacturing process 
of the separator 30. This modified process first provides 
two metal plates as in the case of the manufacturing 
process shown in Fig. 5 and interposes a filler (for 
example, thermally expanding graphite molded to a 
sheet in advance) between the two metal plates (step 
S300). The process subsequently press molds this 
sandwich structure, which includes the two metal plates 
disposed across the filler (step S31 0). This step causes 
predetermined rugged shapes to be formed in the two 
metal plates, and simultaneously bonds the two metal 
plates to each other across the filler. This gives the base 
plate unit 60 having the same structure as that of the 
base plate unit 60 obtained at step S1 1 0 in the flowchart 
of Fig. 5. The surface of the base plate unit 60 is then 
subjected to the surface treatment (step S320) in the 
same manner as step S120 in Fig. 5. This completes 
the separator 30 having the same structure as that of 
the embodiment discussed above. In the separator 30 
manufactured by this modified procedure, the rugged 
shapes on both the faces of the separator are formed in 
the different metal plates. This arrangement thus effec- 
tively prevents the distortion of the separator as dis- 
cussed in the above embodiment. 
[0062] In the separator 30 of this embodiment, the 
filler units 66 are filled with the thermally expanding 
graphite. Any other filler having the sufficient electrical 
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conductivity may alternatively be interposed between 
the two metal plates joined with each other, in order to 
improve the electrical conductivity and the thermal con- 
ductivity of the resulting gas separator. Other than the 
thermally expanding graphite used in the embodiment, 
one available example is a mixture of carbon powder, 
such as natural graphite or carbon black, with a binder 
(for example, a thermosetting resin). Available exam- 
ples other than such carbon materials include electri- 
cally conductive pastes (adhesives containing carbon 
powder or metal powder), electrically conductive resins, 
and sponge-like foamed members composed of an 
electrically conductive material (for example, foamed 
nickel). In the case where the thermally expanding 
graphite used in the embodiment or any electrically con- 
ductive paste is used for the filler, the filler itself has 
integrity to allow the two metal plates to be readily 
bonded to each other by pressing. In the case of a car- 
bon material other than the thermally expanding graph- 
ite, a binder is added to the carbon material to give the 
sufficient integrity to the resulting filler. In the case 
where the filler does not have sufficient integrity, for 
example, when foamed nickel is used for the filler, the 
metal plates are bonded to each other via an adhesive. 
When foamed nickel is used for the filler, the thermally 
expanding graphite may be used as an adhesive and 
disposed on a contact face of the metal plate with 
foamed nickel. Among these applications, the applica- 
tion of the thermally expanding graphite for the filler as 
discussed in the embodiment uses a single material for 
the filler without any additional material having the 
poorer electrical conductivity, thus advantageously 
maintaining the favorable electrical conductivity of the 
whole separator. 

[0063] In the separator 30 of the embodiment, the 
surface of the base plate unit 60, which is obtained by 
bonding the two base plates 62 and 64 to each other, is 
covered with the coat layer 68 that is composed of the 
thermally expanding graphite, so as to have sufficient 
corrosion resistance. Any other material may be used to 
form the coat layer 68, as long as the material has suffi- 
cient electrical conductivity and gives sufficient corro- 
sion resistance to the base plate unit 60. For example, 
as in the case of using the thermally expanding graph- 
ite, the arrangement of plating nickel as the coat layer 
68 attains the sufficient corrosion resistance without 
damaging the electrical conductivity on the contact face 
with each adjoining gas diffusion electrode in the fuel 
cells. An electrically conductive paste may also be used 
for coating. 

[0064] As long as the sufficient electrical conductiv- 
ity is assured on the contact face of the separator 30 
with each adjoining gas diffusion electrode in the fuel 
cells, it is not required to homogeneously cover the 
whole surface of the base plate unit 60 with the coat 
layer 68. One possible modification covers residual 
areas other than the contact face (for example, the 
faces forming the gaseous fuel flow conduits 24P and 



the oxidizing gas flow conduits 25P) with a material hav- 
ing less electrical conductivity but sufficient corrosion 
resistance. For example, one preferable arrangement 
coats the faces forming the gaseous fuel flow conduits 

5 24P and the oxidizing gas flow conduits 25 P with a 
hydrophilic material or a water repellent material. Silicon 
oxides and water-absorbing resins are examples of the 
hydrophilic material. Polytetrafluoroethylene is an 
example of the water repellent material. 

io [0065] The following describes the effects of the 
arrangement that coats the faces forming the gaseous 
fuel flow conduits 24P and the oxidizing gas flow con- 
duits 25P with a hydrophilic material or a water repellent 
material. The electrochemical reactions expressed by 

75 Equations (1) through (3) given above proceed in the 
fuel cells including the separators 30. With a progress of 
such electrochemical reactions, water is produced at 
the cathodes as shown by Equation (2). The water is 
vaporized into the oxidizing gas and released out of the 

20 fuel cells. In the local areas of the fuel cells where the 
temperature is lowered, however, the water may be con- 
densed to prevent the smooth flow of the oxidizing gas 
in the oxidizing gas flow path. The electrochemical reac- 
tion proceeding at the anodes produces the proton as 

25 shown by Equation (1). The proton generally shifts in 
the solid electrolyte membrane in the hydrated state. In 
the course of driving the fuel cells, the supply of gase- 
ous fuel fed to the fuel cells is generally moistened to 
supply the water content from the anodes to the solid 

30 electrolyte membrane. The flow of moistened gaseous 
fuel may cause condensate in the gaseous fuel flow 
path. The condensate may prevent the smooth flow of 
the gaseous fuel. Application of the hydrophilic material 
forthe faces forming the gaseous fuel flow conduits 24P 

35 and the oxidizing gas flow conduits 25P in the respec- 
tive unit cells 28 of the fuel cells stack enables the con- 
densate produced in these gas flow conduits to be led 
along the hydrophilic wall surface of the flow conduits, 
together with the gas flows, and be readily discharged 

40 from the unit cells 28. Application of the water repellent 
material for the faces forming the gas flow conduits, on 
the other hand, causes the condensate to be repelled 
by the water repellent wall surface of the flow conduits 
and be readily discharged from the unit cells 28 by the 

45 gas flows. 

[0066] In the embodiment discussed above, the 
base plate unit 60 including the filler units 66 is sub- 
jected to the surface treatment to form the coat layer 68 
in the course of manufacturing the separator 30. The 

so surface treatment may alternatively be carried out for 
the respective base plates 62 and 64 before the base 
plates 62 and 64 are joined together to give the base 
plate unit 60. This alternative procedure press molds 
the metal plates to the base plates 62 and 64 (step 

55 S100 in Fig. 5), then carries out the surface treatment 
for the respective base plates 62 and 64 to form the coat 
layer 68 in the same manner as step S1 20 in Fig. 5, and 
subsequently interposes the filler between the base 
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plates 62 and 64 covered with the coat layer 68 to join 
the base plates 62 and 64 together as in the same man- 
ner as step S1 10 in Fig. 5. 

[0067] In the embodiment discussed above, the 
separator 30 has the coat layer 68 on its surface to 
attain the sufficient corrosion resistance. In the case 
where the material applied for the base plates 62 and 64 
has sufficient corrosion resistance, the coat layer 68 
may not be formed on the surface of the base plates 62 
and 64. In this case, the arrangement of bonding the 
two base plates 62 and 64 to each other to form the 
base plate unit 60 also effectively reduces the potential 
distortion of the resulting separator. 
[0068] In the above embodiment, the base plates 
62 and 64 are composed of stainless steel. Similar 
effects to those discussed in the embodiment are 
attained by the base plates 62 and 64 composed of 
another metal, such as aluminum. In the ease where the 
surface of the separator is covered with the coat layer 
68 to give the corrosion resistance, the metal applied for 
the material of the base plates 62 and 64 is not required 
to have sufficient corrosion resistance. Appropriate 
material may be selected for the base plates 62 and 64 
by taking into account the weight and the cost of the 
metal. 

[0069] The arrangement of joining the base plates 
62 and 64 composed of a non-metal, electrically con- 
ductive materia! together to manufacture the separator 
also exerts the similar effects; that is, the resulting gas 
separator is thin and has less distortion. Examples of 
the non-metal, electrically conductive material include 
carbon powder mixed with a binder and thermally 
expanding graphite. In this case, the procedure press 
molds the thin plates composed of any of such carbon 
materials to two base plates having predetermined rug- 
ged shapes and joins the two base plates with each 
other to manufacture the separator. 
[0070] In the case where any of these carbon mate- 
rials is press molded to integrally form the separator 
having predetermined rugged shapes on both faces 
thereof, the rugged shapes formed on both the faces 
cause a variation in wall thickness on the same face. 
The difference in wall thickness results in a variation in 
plane pressure applied on the same face in the course 
of press molding. In order to ensure the sufficient 
strength of the resulting separator, it is required to set 
the wall thickness of the resulting separator equal to or 
greater than a predetermined value and to add a suffi- 
cient quantity of the binder. An increase in quantity of 
the binder added, however, leads to a decrease in elec- 
trical conductivity. In the arrangement of bonding the 
two base plates, which are obtained by molding the car- 
bon material, to each other and thereby manufacturing 
the separator having the predetermined rugged shapes 
on both faces thereof, on the other hand, each base 
plate has the rugged shape only in a single face thereof 
that corresponds to one face of the separator. This 
arrangement ensures the uniform wall thickness of the 



whole base plate and enables the substantially constant 
plane pressure to be applied in the process of press 
molding the respective thin plates. This arrangement 
also reduces the quantity of the binder added and the 
5 wall thickness of the respective base plates composed 
of the carbon material. In the case where the two base 
plates, which are composed of an electrically conduc- 
tive material other than metal, are bonded to each other, 
the filler having the electrical conductivity and being 
io interposed between the two base plates enhances the 
electrical conductivity and the thermal conductivity and 
ensures the sufficient strength of the resulting separator 
as discussed previously in the embodiment. 
[0071] In the embodiment discussed above, the 
is rugged shapes formed in both the faces of the separator 
30 define the gaseous fuel flow conduits 24P and the 
oxidizing gas flow conduits 25 P. The rugged shape may, 
however, define a flow path for a fluid other than the 
gaseous fuel and the oxidizing gas. For example, the 
20 rugged shape defines a flow path of the cooling water 
that runs through inside of the fuel cells to keep the 
internal temperature of the gaseous fuel within a 
desired temperature range as discussed previously. 
The cooling water flow conduit separator manufactured 
25 by the method similar to the manufacturing method of 
the separator 30 shown in the embodiment exerts the 
same effects as discussed in the embodiment. 
[0072] It is not required to form the flow path of the 
fluid in both faces of the separator manufactured in the 
30 above manner, but one face may be planar without any 
rugged shape. In one exemplified structure of the fuel 
cells, the separator that is adjacent to the cooling water 
flow conduit separator has one planar face that is in 
contact with the cooling water flow conduit separator 
35 and the other face that has the rugged structure to 
define the gaseous fuel flow conduits 24P or the oxidiz- 
ing gas flow conduits 25 P. In this case, this separator 
may be manufactured by the method similar to the man- 
ufacturing method of the separator 30 of the embodi- 
40 ment. The arrangement of bonding the two base plates 
together effectively reduces the potential distortion of 
the resulting separator having this structure. The struc- 
ture of filling the inner spaces with the electrically con- 
ductive filler attains the effects discussed above, that is, 
45 the enhanced electrical conductivity and thermal con- 
ductivity. 

[0073] In the first embodiment discussed above, the 
separator is manufactured by bonding the two base 
plates to each other, in order to reduce the potential dis- 

so tortion of the resulting separator. Another structure 
applicable to reduce the potential distortion of the 
resulting separator makes a planar base plate unit and 
a convex structure, which is formed on the base plate 
unit to define a gas flow path, as separate members. 

55 This structure is described below as a second embodi- 
ment. 

[0074] Fig. 7 is a sectional view schematically illus- 
trating a separator 130 in the second embodiment. Fig. 
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8 is a plan view illustrating the surface of the separator 
130. The separator 130 of the second embodiment 
includes a base plate unit 1 60 that Is composed of stain- 
less steel and has a plurality of apertures having circular 
cross sections and running through the thickness of the 5 
base plate unit 160, a plurality of insert members 170 
that are inserted into the respective apertures to be 
incorporated in the base plate unit 1 60, and a coat layer 
168 that is composed of thermally expanding graphite 
and covers over the surface of the base plate unit 160 to 
and the insert members 170. The separators 130 and 
other predetermined members are laid one upon 
another like the separators 30 of the first embodiment to 
construct the fuel cells similar to those of the first 
embodiment. In the description hereinafter, the constit- 75 
uents common to the first and the second embodiments 
are shown by the same numerals and are not specifi- 
cally described here. 

[0075] Like the separator 30, the separator 1 30 has 
the gaseous fuel slot apertures 50 and 51 and the oxi- 20 
dizing gas slot apertures 52 and 53 on the circumfer- 
ence thereof. The separator 130 has a plurality of ribs 
155, which are arranged at identical positions in the 
respective faces and represent the convex structure 
formed on the base plate unit 160 by the plurality of 25 
insert members 170 arranged in a regular manner. The 
base plate unit 1 60 includes a planar portion 1 82 that is 
an area with the ribs t55 formed therein and a seating 
portion 180 that defines a circumferential area of the 
separator 130 (that is, the circumference outside the 30 
gaseous fuel slot apertures 50 and 51 and the oxidizing 
gas slot apertures 52 and 53). The sealing portion 180 
has a thicker cross section than that of the planar por- 
tion 182. The planar portion 182 that forms a concave 
surface below the sealing portion 180 is designed to 35 
allow the communication of the oxidizing gas slot aper- 
tures 52 and 53 on the respective one faces of the sep- 
arators 130 in the assembly of fuel cells including the 
separators 130 (see Fig. 8). In this assembly of fuel 
cells, the ends of the ribs 155 are in contact with an 40 
adjoining gas diffusion electrode, and the oxidizing gas 
flow conduits 25P are defined by the side faces of the 
ribs 155, the surface of the planar portion 182, and the 
adjoining gas diffusion electrode. In a similar manner, 
the planar portion 1 82 is designed to allow the commu- 45 
nication of the gaseous fuel slot apertures 50 and 51 on 
the respective other faces of the separators 130 in the 
assembly of fuel cells. The gaseous fuel flow conduits 
24P are defined by the side faces of the ribs 155, the 
surface of the planar portion 1 82, and another adjoining so 
gas diffusion electrode in the assembly of fuel cells. 
[0076] The following describes the manufacturing 
method of the separator 130. Fig. 9 shows a manufac- 
turing process of the separator 130. Fig. 9 includes a 
flowchart showing the manufacturing process of the 55 
separator 130 and schematic views representing the 
respective steps of the flowchart. 
[0077] The process first provides a thin plate of 



stainless steel and perforates the thin plate at a plurality 
of preset positions to form a plurality of apertures, thus 
obtaining the base plate unit 160 (step S200). The aper- 
tures formed in the stainless steel plate include the 
apertures formed at the positions corresponding to the 
respective ribs 155 of the separator 130 shown in Fig. 8 
as well as the gaseous fuel slot apertures 50 and 51 
and the oxidizing gas slot apertures 52 and 53. Among 
the apertures formed at step S200, each of the aper- 
tures formed at the positions corresponding to the 
respective ribs 1 55 has a diameter that is a little smaller 
than the diameter of the cross section of each rib 155. 
The process subsequently press fits a metal wire in 
each of the apertures formed at the positions corre- 
sponding to the respective ribs 155 by means of a 
feeder (step S210). Each of the wires press fitted here 
forms the rib 155 of the separator 130 and has a diam- 
eter a little greater than the diameter of each corre- 
sponding aperture formed at step S200. Using the wires 
having such a diameter ensures the sufficient sealing 
property between the metal base plate unit 160 and the 
wires being press fitted. 

[0078] The process then cuts off the ends of the 
wires press fitted in the base plate unit 1 60 (step S220). 
The cutting positions of the respective wires (that is, the 
distances from the base plate unit 160) are fixed on 
each face of the base plate unit 1 60. Cutting the ends of 
the wires completes the insert members 170 press fitted 
in the respective apertures formed in the base plate unit 
160, so that the plurality of ribs 155 are formed at the 
identical positions on both the faces of the base plate 
unit 160. After formation of the ribs 155, the process 
carries out the surface treatment in the same manner as 
step S120 in Fig. 5 for the base plate unit 160 and the 
plurality of ribs 155 (step S230), so as to complete the 
separator 1 30. The surface treatment of this step covers 
the surface of the base plate unit 1 60 and the plurality of 
ribs 155 with the thermally expanding graphite like the 
separator 30 of the first embodiment. 
[0079] The manufacturing method of the separator 
130 of the second embodiment makes the planar base 
plate unit 160 and the wires forming the ribs 155 as sep- 
arate members. This arrangement effectively prevents 
the potential distortion of the separator having the rug- 
ged shapes. Construction of the ribs 155 as separate 
members causes no force of bending or stretching the 
metal plate, which leads to the potential distortion, to be 
applied to the base plate unit 60. 
[0080] In the separator 1 30 of this embodiment, the 
predetermined rugged shapes are formed by the simple 
processes, that is, forming the apertures to define the 
ribs 155, press fitting wires into the apertures, and cut- 
ting off the wires press fitted. Compared with the con- 
ventional method that press molds the metal plate or the 
carbon material to manufacture the separator, this 
arrangement simplifies the manufacturing process and 
shortens the time required for manufacturing the sepa- 
rator. 
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[0081] The size of the ribs 155 formed on the sur- 
faces of the separator 1 30 is freely selected by adjusting 
the diameter of the wires press fitted in the process of 
manufacturing the separator 130 of the embodiment 
The wires of the thinner diameter give finer ribs with a 
higher accuracy. Compared with the arrangement of 
press molding the carbon material or the metal plate to 
form the rugged shapes, this arrangement enables the 
finer rugged shapes to be formed by a significantly easy 
process. This arrangement also prevents an increase in 
manufacturing cost due to the use of a moid having a 
complicated rugged structure. 

[0082] The manufacturing process of the separator 
130 of the embodiment uses a thinner metal plate, com- 
pared with the conventionally known method that press 
molds a metal plate to manufacture a gas separator 
having the rugged structure on both faces thereof. In the 
method of press molding a metal plate to manufacture 
the gas separator having predetermined rugged 
shapes, specific areas of the metal plate corresponding 
to the rugged shapes are bent or stretched in the course 
of press molding. The metal plate is accordingly 
required to have a sufficient thickness. In the method of 
this embodiment, on the other band, since the metal 
plate is simply perforated to form the apertures in which 
the insert members 170 are press fitted, the thinner 
metal plate than the metal plate used for the conven- 
tional press molding is applicable for the base plate unit 
160. The manufacturing method of the separator 130 of 
the embodiment does not require the material to be 
bent or stretched in the course of press molding, and 
thus gives a thinner resulting separator, compared with 
the method of press molding the material mainly com- 
posed of carbon powder to manufacture the separator. 
Using the thin metal plate to manufacture the separator 
effectively reduces the size of the whole fuel cells stack. 
[0083] In the second embodiment discussed above, 
the base plate unit 160 is composed of stainless steel. 
The effect of preventing the potential distortion of the 
resulting separator is also attained by the base plate 
unit 160 composed of another material, for example, 
any of other metals like aluminum, carbon materials, 
and resins. In the embodiment, the surface of the sepa- 
rator 1 30 is covered with the coat layer 1 68. The mate- 
rial applied for the base plate unit 160 is thus not 
required to have sufficient corrosion resistance but is 
required to have sufficient strength and to be sufficiently 
durable at driving temperatures of the fuel cells. In the 
case where the material applied for the base plate unit 
160 has sufficient corrosion resistance, the coat layer 
1 68 may not be formed on the surface of the base plate 
unit 160. 

[0084] The separator 130 of the embodiment 
includes the base plate unit 160 and the ribs 155 as 
separate members. The electrical conductivity of the 
separator is assured by the ribs 155, so that the base 
plate unit 160 is not required to have the electrical con- 
ductivity. Compared with the arrangement of integrally 



press molding the separator, this arrangement extends 
the range of selection of the material applicable for the 
base plate unit 160. Namely the material having the bet- 
ter corrosion resistance and the material having the less 
5 weight are also applicable. The appropriate material is 
selected by taking into account the cost and the other 
factors. 

[0085] In the embodiment discussed above, the 
wires are used to form the ribs 155. The wires have suf- 
w ficient electrical conductivity and sufficient strength 
against the action of being press fitted in the base plate 
unit 160 or under the conditions in the assembly of fuel 
cells. In the manufacturing method of the separator 130 
described above, the wires are press fitted into the 
is apertures formed in the base plate unit 1 60 to define the 
ribs 155. The wires are preferable material to ensure the 
sufficient seating property between the base plate unit 
160 and the wires press fitted therein. As discussed in 
the above embodiment, the metal wires and the metal 
20 base plate unit 1 60 readily attain the required sealing 
property by the simple process of press fitting the wires 
having a little greater diameter into the apertures 
formed in the base plate unit 160. One modified proce- 
dure to attain the required sealing inserts the metal 
25 wires having a little smaller diameter than that of the 
apertures formed in the base plate unit 160 into the 
apertures, cuts off the wires to a preset length to com- 
plete the insert members 1 70, and applies the pressure 
on both the top and bottom of the insert members 170 
30 for caulking. Another modified procedure to ensure the 
sufficient sealing property between the ribs 155 and the 
base plate unit 160 press fits the wires to form the ribs 
155 and seals the clearances at the contacts of the ribs 
155 with the base plate unit 160. In the last case, the 
35 wires for forming the ribs 155 may be composed of 
another electrically conductive material, such as carbon 
material. 

[0086] As understood from the above description, 
the separator may include the base plate unit composed 

40 of a resin and the insert members composed of the car- 
bon material. In this case, the base plate unit with the 
apertures in which the insert members are inserted may 
be manufactured by punching the apertures in a resin 
sheet or by injection molding. The action of punching 

45 the apertures in the resin sheet is easier than the action 
of perforating the metal plate to form the apertures as 
discussed in the embodiment. When the technique of 
injection molding is applied to manufacture the base 
plate unit, a structure corresponding to the sealing por- 

so tion 180, which will be discussed later, is formed simul- 
taneously with the apertures in which the insert 
members are inserted. This arrangement enables the 
sealing portion to be formed integrally to ensure the suf- 
ficient gas sealing property in the fuel cells. Compared 

55 with the conventional method of manufacturing the sep- 
arator by press molding, this arrangement advanta- 
geously reduces the number of parts required for the 
assembly of fuel cells and thereby decreases the man- 
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ufacturing cost (it is extremely difficult to integrally form 
the sealing portion by press molding as discussed 
later). Here the insert members may be composed of 
any suitable carbon material, for example, the thermally 
expanding graphite or a mixture of graphite powder with 5 
a binder (for example, a thermosetting resin). In the sep- 
arator including the base plate unit composed of a resin 
and the insert members composed of the carbon mate- 
rial, both the base plate unit and the insert members 
have sufficient corrosion resistance, so that there is no 10 
necessity of forming the coat layer 1 68 unlike the sepa- 
rator 130 of the second embodiment. 
[0087] The insert members may be composed of a 
resin instead of the electrically conductive material. In 
one applicable structure, the base plate unit is com- 15 
posed of a metal like the separator 130 of the second 
embodiment, and the insert members are composed of 
a resin. In this case, the whole surface of the separator 
or the surface of the insert members is covered with an 
electrically conductive film (for example, coated with a 20 
carbon material or plated with a metal). This ensures 
the sufficient electricai conductivity required for the sep- 
arator for fuel cells. 

[0088] The separator 130 has the coat layer 168 
composed of the thermally expanding graphite to attain 25 
the sufficient corrosion resistance. Like the coat layer 68 
in the separator 30 of the first embodiment, this coat 
layer 168 may be composed of any suitable material 
other than the carbon material, for example, a metal like 
nickel or an electrically conductive paste. The electrical 30 
conductivity is not required in the specific areas other 
than the contact faces with each adjoining gas diffusion 
electrode in the fuel cells stack. These specific areas 
may thus be coated with a hydrophilic material or a 
water repellent material in the same manner as the first 35 
embodiment. This gives the sufficient corrosion resist- 
ance and enhances the water drainage. In the case 
where the materials applied for the base plate unit 1 60 
and the insert members 170 have sufficient corrosion 
resistance in an allowable level, the coat layer 168 may 40 
be omitted. 

[0089] The method of the second embodiment per- 
forates the metal plate to form the apertures and does 
not form the rugged shapes by press molding. This 
arrangement advantageously keeps the thickness of the 45 
base plate unit 160 unchanged in the course of manu- 
facturing the base plate unit 160. This arrangement 
enables the metal plate including the circumferential 
area of the thicker cross section (that is, the area corre- 
sponding to the sealing portion 180) to be applied for 50 
the base plate unit 160. In the stack of fuel cells includ- 
ing the separators 130 manufactured in the above man- 
ner, the areas of the thicker cross section readily ensure 
the required gas sealing property. 

[0090] Fig. 1 0 shows part of the cross section of the 55 
separator 130 (the vicinity of the circumferential part of 
the separator 130) taken on the line 10-10 in Fig. 8. As 
described previously, the base plate unit 160 of the sep- 



arator 130 includes the planar portion 182 that has the 
ribs 155 formed by the insert members 170 therein and 
the sealing portion 1 80 that is arranged in the circumfer- 
ential part of the separator 130 and has a thicker cross 
section. Although not specifically mentioned in the man- 
ufacturing method of the separator 130, the metal plate 
having the seal portion 1 80 on the circumferential area 
thereof is provided in the manufacturing process shown 
in Fig. 9. In the assembly of fuel cells using the separa- 
tors 130, each having the sealing portion 180 on the cir- 
cumferential area thereof, each adjoining pair of 
separators 130 is in contact with each other via the 
respective sealing portions 180, which readily attains 
the sufficient gas sealing property. 
[0091] In the case where the gas separator is man- 
ufactured by press molding a metal plate, the thickness 
of the metal plate is varied in the course of press mold- 
ing. It is thus substantially impossible to use a metal 
plate that has a thicker-wall portion of a predetermined 
thickness corresponding to the sealing portion in the cir- 
cumferential area thereof. The conventional method 
generally adopted provides a separate sealing member 
that is attached to the circumferential area of the gas 
separator, or makes the member having the rugged 
shape to define the gas flow path in each unit cell and 
the member defining apertures for manifolds as sepa- 
rate members. In the method of the above embodiment, 
the separator 130 is manufactured by using the metal 
plate having the sealing portion 1 80 formed in advance. 
Compared with the conventional technique of press 
molding, this arrangement effectively reduces the 
number of parts required for the assembly of fuel cells. 
[0092] -The present invention is not restricted to the 
above embodiments or their modifications, but there 
may be many other modifications, changes, and altera- 
tions without departing from the scope or spirit of the 
main characteristics of the present invention. 

Industrial Applicability 

[0093] As discussed above, the technique of the 
present invention applied to the gas separator for fuel 
cells, the fuel cells using such gas separators, and the 
method of manufacturing such a gas separator for fuel 
cells is effectively usable in the fields of manufacture 
and sales of fuel cells as well as in the fields of manu- 
facture and sales of electric vehicles with the fuel cells 
mounted thereon. 

Claims 

1. A gas separator for fuel cells, said fuel cells being 
constructed as a laminate of plural members includ- 
ing an electrolyte layer and electrode layers, said 
gas separator being included in said fuel cells as 
one of said plural members and having predeter- 
mined rugged shapes that are formed in both faces 
to define a flow path of a fluid passing through 
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inside said fuel cells, 

wherein two thin plates with the predetermined rug- 
ged shapes formed in respective one faces thereof 
are bonded to each other across the respective 
other faces thereof to form said gas separator. 5 

2. A gas separator for fuel cells in accordance with 
claim 1 , wherein a space defined by said two thin 
plates, if existing, is filled with an electrically con- 
ductive material. 10 

3. A gas separator for fuel cells in accordance with 
claim 1 , wherein each of said thin plates is a metal 
thin plate. 

75 

4. A gas separator for fuel cells in accordance with 
claim 2, wherein each of said thin plates is a metal 
thin plate. 

5. A gas separator for fuel cells in accordance with 20 
claim 1, wherein the fluid passing through the flow 
path defined by the predetermined rugged shapes 

in said fuel cells is selected among a hydrogen-con- 
taining gaseous fuel, an oxygen-containing oxidiz- 
ing gas, and a cooling fluid for cooling down the 25 
inside of said fuel cells. 

6. A gas separator for fuel cells in accordance with 
claim 2, wherein the fluid passing. through the flow 
path defined by the predetermined rugged shapes 30 
in said fuel cells is selected among a hydrogen-con- 
taining gaseous fuel, an oxygen-containing oxidiz- 
ing gas, and a cooling fluid for cooling down the 
inside of said fuel cells. 

35 

7. A fuel cells stack receiving supplies of a hydrogen- 
containing gaseous fuel and an oxygen -containing 
oxidizing gas and generating an electromotive force 
through electrochemical reactions, 

40 

said fuel celis.stack comprising gas separators 
for fuel cells in accordance with any one of 
claims 1 through 6. 

8. A method of manufacturing a gas separator for fuel 45 
cells, said fuel cells being constructed as a laminate 

of plural members including an electrolyte layer and 
electrode layers, said gas separator being included 
in said fuel cells as one of said plural members and 
having predetermined rugged shapes that are so 
formed in both faces to define a flow path of a fluid 
passing through inside said fuel cells, 

said method comprising the steps of: 

55 

(a) providing two thin plates that have the 
predetermined rugged shapes formed in 
respective one faces thereof; and 



(b) bonding said two thin plates to each 
other across the respective other faces 
thereof to form said gas separator. 

9. A method in accordance with claim 8, wherein an 
electrically conductive material is interposed 
between said two thin plates to fill a space defined 
by said two thin plates, if existing, in the process of 
bonding said two thin plates to each other in said 
step (b). 

10. A method of manufacturing a gas separator for fuel 
cells, said fuel cells being constructed as a laminate 
of plural members including an electrolyte layer and 
electrode layers, said gas separator being included 
in said fuel cells as. one of said plural members and 
having predetermined rugged shapes that are 
formed in both faces to define a flow path of a fluid 
passing through inside said fuel cells, 

said method comprising the steps of: 

(a) providing two thin plates; 

(b) laying said two thin plates one upon the 
other via an electrically conductive mate- 
rial interposed between said two thin 
plates; and 

(c) press molding and joining together said 
two thin plates, which are laid one upon the 
other via the electrically conductive mate- 
rial, so that the predetermined rugged 
shapes are formed in surfaces of said two 
thin plates joined together. 

11. A method in accordance with any one of claims 8 
through 10, wherein each of said thin plates is a 
metal thin plate. 

12. A gas separator for fuel cells, said fuel cells being 
constructed as a laminate of plural members includ- 
ing an electrolyte layer and electrode layers, said 
gas separator being included in said fuel cells as 
one of said plural members and having a predeter- 
mined rugged shape that is formed in surface 
thereof to define a flow path of a fluid passing 
through inside said fuel cells, 

said gas separator comprising: 
a separator base plate unit that is composed of 
a thin plate and has a plurality of apertures 
passing through a thickness of said separator 
base plate unit; and 

insert members that are mainly composed of 
an electrically conductive material and are 
respectively inserted into said plurality of aper- 
tures to form a convex structure on at least one 
face of said separator base plate unit. 
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13. A fuel cells stack receiving supplies of a hydrogen- 
containing gaseous fuel and an oxygen-containing 
oxidizing gas and generating an electromotive force 
through electrochemical reactions, 

5 

said fuel cells stack comprising gas separators 
for fuel cells in accordance with claim 12. 

14. A method of manufacturing a gas separator for fuel 
cells, said fuel cells being constructed as a laminate 10 
of plural members including an electrolyte layer and 
electrode layers, said gas separator being included 

in said fuel cells as one of said plural members and 
having a predetermined rugged shape that is 
formed in surface thereof to define a flow path of a is 
fluid passing through inside said fuel cells, 

said method comprising the steps of: 

(a) providing a separator base plate unit 20 
composed of a thin plate; 

(b) perforating said separator base plate 
unit at predetermined positions to form a 
plurality of apertures passing through a 
thickness of said separator base plate unit; 25 
and 

(c) inserting insert members, which are 
mainly composed of an electrically con- 
ductive material, respectively into said plu- 
rality of apertures, so as to form the 30 
predetermined rugged shape in surface of 
said separator base plate unit. 

15. A method in accordance with claim 14, wherein 
each of said plurality of apertures and said insert 35 
members inserted therein have substantially circu- 
lar cross sections. 
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